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PRINCIPLES AND METHODS FOR CONTROL OF AIR POLLUTION 
IN HEALTH RESORTS 
Römmelt,H.a^, K.Dirnagl and A.Schuhb) 
a)Ins t i t u t u . P o l i k l i n i k f.Arbeitsmedizin b)lnst.f.Med.Balneologie u. 
K l i m a t o l o g i e der Universität, Marchioninistr.17, D-8000 München 70 
INTRODUCTION 
An e s s e n t i a l part of the b e n e f i c i a l e f f e c t s of eures i n h e a l t h r e -
sorts can be attributed to the transfer of the patient to an environ-
ment promoting recovery to good health. And among the environmental 
components the a i r quality i s certainly an important one. 
The procedure f o r q u a l i f i c a t i o n of a place as a h e a l t h r e s o r t i n -
cluded regulations to ensure freedom from a i r contaminants as early 
as i n 1963 (1). An attempt had been made to define the p e r m i s s i b l e 
p o l l u t i o n at 20 or 40% of the concentration l i m i t s for gaseous p o l l u -
tants set by the German "TA-Luft". In practice, however, these regul-
ations have never been executed, mainly because neither the f i n a n c i a l 
means nor the manpower and equipment for measurement were available. 
The only expedient f o r getting some control over the a i r q u a l i t y had 
been a primitive system of dust sampling and evaluation. 
MEASURING METHOD 
New developments i n passive sampling methods of gaseous pollutants 
have changed the S i t u a t i o n . For ins t a n c e , the technique of Surface 
Activated Monitoring (SAM) adopted by the "Umweltbundesamt" (4.) pro-
mised to sa t i s f y many of the requirements for practicable a i r quality 
control i n health resorts. Some of these special requirements are: 
* Very low detection l i m i t s * Independence from e l e c t r i c mains 
supply * Minimal demands on attendance f or the sampling devices 
* Bearable costs of equipment and analytic procedures even for long 
periods of monitoring and many sampling locations. 
However, the before mentioned technique , using glass f i b e r f i l t e r s 
soaked with potassium carbonate as absorbent f o r airborne gases, i s 
l i m i t e d i n i t s usefulness f o r e v a l u a t i o n of a i r q u a l i t y i n h e a l t h 
resorts by the following properties: * A sampling period of 4 weeks, 
reducing the p o s s i b i l i t y of analyzing the influence of weather con-
d i t i o n s and of t r a n s i t o r y emission events * A strong dependance on 
wind velocity of the gas deposition rate on the probe which had not 
yet been q u a n t i t a t i v e l y examined. * Lack of experience about the 
correlation between concentration i n the a i r and d e p o s i t i o n on the 
SAM-probes f o r other substances than s u l f u r dioxide. Apart from 
heating, motor vehicles are the prevailing source of a i r p o l l u t i o n 
i n h e a l t h r e s o r t s . That i s why there i s a l s o a strong need f o r some 
means of measuring nitrogen oxides. 
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The r e s u l t s of a 3 years e f f o r t to overcome as much as p o s s i b l e the 
l i m i t a t i o n s can be shortly summarized as follows (3) : 1) As a conse-
quence of refinements of the a n a l y t i c a l procedure, adequate precision 
of the results can be obtained even i n a l o c a l l y uncontaminated en-
vironment with sampling periods of one week. 2) Oxidative pretreat-
ment of exposed samples before the ion Chromatographie analysis over-
comes some d i f f i c u l t i e s o r i g i n a t i n g from the f a c t , t h a t n i t r o g e n 
d i o x i d e i s caught p a r t l y as n i t r i t e , p a r t l y as n i t r a t e . 3) The de-
pendance of the sampling r a t e on V e n t i l a t i o n of the probe has been 
determined i n the l a b o r a t o r y . When a p p l i e d to measurements i n the 
f i e l d , an approximate c o r r e c t i o n f o r the l o c a l V e n t i l a t i o n can be 
applied• 
Comparative t e s t s at s e v e r a l continuous monitoring s t a t i o n s were 
performed f o r at l e a s t one year w i t h these m o d i f i c a t i o n s . The a i r 
q u a l i t y a t the s t a t i o n s covered the ränge from almost background 
contamination to the Situation amidst a large town. The conformity 
between weekly p a i r s of SAM and concentration data proved to be 
s u f f i c i e n t f o r correct reproduetion of the seasonal trends as we l l as 
of weather dependent episodes of changing a i r pollution« The correla-
t i o n c o e f f i c i e n t between yearly means amounts to 0.94 for SO2 as w e l l 
as f o r NO2. 
Fig.1 gives an example of the Information obtained from a series of 
measurements at 3 s i t e s of a health resort. The main immission peaks 
are not produced l o c a l l y , they are caused by transportation of conta-
minants from distant sources. 
Fig . 1 NO2 Immission Rates at 3 Sites of a Health Resort derived 
from 1-week Expositions of SAM-Probes. 1 = T r a f f i c Center, 
2 = Residence Area, 3 = Area for Open A i r Therapy 
1.2 SAM-N0 2 Site Nr. 1 
A A A Site Nr. 2 
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In order to f u r t h e r improve the method toward l e s s dependance on 
Ve n t i l a t i o n , we are ju s t testing a d i f f u s i o n controlled modification 
of sampling, 
EVALUTION OF AIR QUALITY 
Having obtained a means f o r e s t i m a t i n g the a i r p o l l u t i o n l e v e l at 
several Sites of a health resort, the next question i s how to d i f f e r -
entiate between admission or reje c t i o n of a claim for q u a l i f i c a t i o n . 
To t h a t end a C l a s s i f i c a t i o n score on the ba s i s of the 1-year mean 
and the 95 percentile of a measuring series at representative s i t e s 
of the place has been e s t a b l i s h e d between two bonds: A lower one -
marked by a score of zero i s equivalent to the concentration l e v e l at 
background s t a t i o n s - and an upper one w i t h a score of k i s equiva-
l e n t to the l i m i t s of the w i d e l y accepted g u i d e l i n e "VDI 2310", 
extrapolated to a sampling period of one week. The following tables 
s h a l l give an insight to the System of C l a s s i f i c a t i o n : 
Table 1: Scores of A i r Quality and yearly Concentration Averages 
so 2 N0 2 
0 = v i r t u a l l y pure a i r 
1 = hardly perceptible contamination up to 15 up to 12 ug/ms 
it 2 = low contamination " " 25 it it 20 
3 = moderate contamination " " 50 tt it 4-0 tt 
k = population tolerance l i m i t it ti 1 0 o tt tt 80 tt 
5 = very high contamination exceeding 100 exc. 80 tt 
The rules (2) f o r approval of an appropriate a i r q u a l i t y are shown 
i n Condensed form i n the next table: 
Table 2: Requirements of A i r Quality 
i n d i f f e r e n t Areas of Health Resorts 
Maximum Scores f or 
T r a f f i c Residence Open 
Center Center A i r 
Thermal Stations 4 3 2 
Thermal Stations 
for Respiratory 4- 2 2 
Diseases 
Climatic Stations 3 2 1 
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The requirements are graduated according to the therapeutic objective 
of a S t a t i o n . The most exacting c o n d i t i o n s are imposed to the sur-
roundings of c l i m a t i c stations, but even watering places should a l -
ways have at least one area of p a r t i c u l a r l y good a i r quality. Within 
the next years, a l l e x i s t i n g h e a l t h r e s o r t s i n Germany w i l l be 
checked f o r a i r quality according to the measuring and C l a s s i f i c a t i o n 
System described. 
SUMMARY 
Early attempts to set a i r q u a l i t y Standards i n German health resorts 
had suffered from a lack of practicable methods for longtime measure-
ment of a i r contaminants i n several areas of each Station. Therefore, 
a passive sampling technique (SAM = Surface Activated Monitoring) has 
now been adapted to the special requirements. SO2 and N0 2 immission 
rates are determined by series of 1-week exposures covering at le a s t 
one year. 
The results allow a C l a s s i f i c a t i o n of a i r qu a l i t y by 5 scores i n the 
ränge between background contamination and the l i m i t s of guideline 
VDI 2310. They are forming the b a s i s of new r e g u l a t i o n s of the 
"Deutscher Bäderverband". Permissible maximum scores are d i f f e r e n t i -
ated according to the therapeutic objective of a Station and to the 
importance of the area of measurement f o r the p a t i e n t s . A short 
o u t l i n e of the r e g u l a t i o n s i s given. A l l German h e a l t h r e s o r t s are 
obliged to have checked t h e i r a i r qu a l i t y using t h i s System of mea-
surement and evaluation. 
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